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 ,QWURGXFWLRQ
,Q WKH UHFHQW \HDUV WKH ULVLQJ FRQFHUQ WRZDUGV HQYLURQPHQWDO SUREOHP DQG WKH QHHG IRU PRUH PXOWLIDULRXV
SRO\PHUEDVHGPDWHULDOVKDVOHGWRLQFUHDVLQJLQWHUHVWDERXWSRO\PHUFRPSRVLWHVILOOHGZLWKQDWXUDORUJDQLFILOOHUV
LH ILOOHUV FRPLQJ IURP UHF\FODEOH VRXUFHV7KH QDWXUDO ILEUH FRPSRVLWHV DOVR NQRZQ DV JUHHQ FRPSRVLWHV KDYH
VKRZQDJURZWKRILQWHUHVWEHFDXVHRIWKHLUUHF\FODELOLW\DQGELRGHJUDGDELOLW\DQGDEXQGDQWDYDLODELOLW\>0DQWLDDQG
0RUUHDOH7KDNXUHWDO@
1RPHQFODWXUH
Q UHSHDWHGQXPEHURIHDFKH[SHULPHQW
61 VLJQDOWRQRLVH
\L H[SHULPHQWDOO\REVHUYHGYDOXHRIWKHLWK H[SHULPHQW
Ș 61UDWLRLQG%
6SHFLILFSURSHUWLHVRIQDWXUDO ILEUHFRPSRVLWHVXFKDVOLJKWZHLJKW ORZFRVWUHQHZDEOHLQQDWXUHKLJKVSHFLILF
VWUHQJWKDQGPRGXOXVKDYH H[WHQGHGWKHLUXVDJHDQGDOORZVDFRQVLGHUDEOHUHGXFWLRQLQWKHXVHRIQRQELRGHJUDGDEOH
SRO\PHUVDQGQRQUHQHZDEOHUHVRXUFHV>%KRZPLFNHWDO1HWUDYDOLDQG&KDEED@7KH\DUHDOVRPXFK
OHVVDEUDVLYHWKDQLQRUJDQLFPLQHUDOFRXQWHUSDUWVWRSURFHVVPDFKLQHU\OHVVGDQJHURXV IRUWKHSURGXFWLRQHPSOR\HHV
LQFDVHRILQKDODWLRQHDV\WREHVFRUFKHGWKH\OHDGWRILQDOFRPSRVLWHVZLWKORZHUVSHFLILFZHLJKWLQFRPSDULVRQWR
PLQHUDOILOOHG FRXQWHUSDUWV DQG DOORZREWDLQLQJ LQWHUHVWLQJSURSHUWLHV LQ WHUPVRI WKHUPDO DQG DFRXVWLF LQVXODWLRQ
>5R]PDQHWDO&DUUROOHWDO&DQFKq(VFDPLOODHWDO@ $OVRWKH QDWXUDOILEUHEDVHG FRPSRVLWH
FDQ EH HDVLO\ GLVSRVHG DW WKH HQG RI WKHLU OLIH F\FOH E\ FRPSRVLWLQJ RU E\ UHFRYHU\ RI WKHLU FDORULILF YDOXH LQ D
IXUQDFHZKLFKLV QRWSRVVLEOHLQV\QWKHWLFILEUHVXFKDVIRUJODVV>-RVKLHWDO@
7KHPRVWZLGHO\NQRZQQDWXUDORUJDQLFILOOHUVDUHZRRGIORXUDQGILEHUV:RRGIORXUFDQEHHDVLO\DQGFKHDSO\
REWDLQHG IURPVDZPLOOZDVWHVDQG LW LV XVXDOO\XVHGDIWHU SURSHU VLHYLQJ >6DQGEHUJHW DO @%HVLGHVZRRG
GHULYDWLYHVRWKHUQDWXUDORUJDQLF ILOOHUVKDYHEHJXQ WR ILQGDSSOLFDWLRQDVZHOO$PRQJWKHVH VRPHH[DPSOHVDUH
FHOOXORVHVLVDONHQDIVWDUFKEDQDQDSLVVDYDFRFRQXWFRLUDQGDJDYH6LVDODQGNHQDIDUH UHODWLYHO\VLPLODUDQGDUH
EDVLFDOO\ORQJILEHUVH[WUDFWHGIURPWKHEDVWRIWKHSODQWVWKH\FDQEHXVHGDVILOOHUVE\SURSHUFXWWLQJLQWRORQJRU
VKRUW ILEHUV >-RVHSK HW DO  -RVHSK HW DO  1DLU HW DO  &KHQ HW DO@ 6WDUFK LV D
SRO\VDFFKDULGH SUHVHQW LQPDQ\ SODQWV DFWLQJ DV DQ HQHUJ\ UHVHUYRLU >:LOOHWW - @ 7KHZRYHQ EDQDQD ILEUH
UHLQIRUFHG HSR[\ FRPSRVLWHV VKRZHG D YHU\ VWDEOH PHFKDQLFDO EHKDYLRXU XQGHU GLIIHUHQW ORDGLQJ DQG VSHHG
FRQGLWLRQ>6DSXDQHWDO @7KHHSR[\EDVHGSLVVDYDILEUHVFRPSRVLWHKDVULFKVLOLFRQFRQWHQWRQ WKHVXUIDFH
DQGODUJHGLVSHUVLRQLQWKHLUPHFKDQLFDOSURSHUWLHV>1DVFLPHQWRHWDO@7KHIOH[XUDOPRGXOXVRIFRFRQXWILEHU
SRO\SURS\OHQHPDWUL[FRPSRVLWHFDQEHLPSURYHGE\XVLQJDGHTXDWH ILEHUJUDQXORPHWU\DQGH[WUXGHUVFUHZVSHHG
DQG WKDW RI DJDYH ILEUH UHLQIRUFHG HSR[\ FRPSRVLWH ZHUH VLJQLILFDQWO\ KLJK GXH WR DONDOL WUHDWPHQW RI WKH ILEUH
>0\OVDP\DQG5DMHQGUDQ@
$OPRVWDOORIWKHFRPPRQO\DYDLODEOHQDWXUDOSODQWILEUHVDUHEHLQJ XVHGIRUUHLQIRUFHPHQWLQFRPELQDWLRQZLWK
QRQELRGHJUDGDEOH PDWUL[ PDWHULDOV VXFK DV XQVDWXUDWHG SRO\HVWHU HSR[\ UHVLQ SRO\HWK\OHQH DQG SRO\SURS\OHQH
>$VKRUL@$PRQJWKHVHHSR[\UHVLQVDUHYHU\YHUVDWLOHLQQDWXUH7KH\DUHRQHRIWKHPRVWLPSRUWDQWFODVVHV
RI WKHUPRVHWWLQJ SRO\PHUV ZKLFK DUH ZLGHO\ XVHG DV PDWULFHV IRU ILEHUUHLQIRUFHG FRPSRVLWH PDWHULDOV DQG DV
VWUXFWXUDODGKHVLYHV7KH\DUHDPRUSKRXVKLJKO\FURVVOLQNHGSRO\PHUVDQGWKLVVWUXFWXUHUHVXOWVLQWKHVHPDWHULDOV
SRVVHVVLQJYDULRXVGHVLUDEOHSURSHUWLHVVXFKDVJUHDWHUWHQVLOHVWUHQJWKDQGPRGXOXVXQFRPSOLFDWHGSURFHVVLQJILQH
WKHUPDODQGFKHPLFDOUHVLVWDQFHDQGGLPHQVLRQDOVWDELOLW\>6RQJHWDO@
)RU WKH QDWXUDO ILEUH FRPSRVLWH PRVW RI WKH UHVHDUFKHV ZHUH IRFXVLQJ RQ H[SHULPHQWDO WHVW RI PHFKDQLFDO
SURSHUWLHV RI QDWXUDO FRPSRVLWHV 7KH FRUUHODWLRQ EHWZHHQ WKH PHFKDQLFDO SURSHUWLHV DQG WKH FKDUDFWHULVWLF
SDUDPHWHUVHJWKHFRPSRVLWLRQRIWKHFRPSRVLWHDQGWKHRSHUDWLQJFRQGLWLRQVLVRISULPHLPSRUWDQFHIRUGHVLJQLQJ
SURSHU FRPSRVLWHV LQ RUGHU WR VDWLVI\ YDULRXV IXQFWLRQDO UHTXLUHPHQWV 2SWLPL]DWLRQ RI FKDUDFWLVWLF SDUDPHWHUV LV
YHU\ PXFK LPSRUWDQW ,Q WKLV VWXG\ DQ DWWHPSW LV PDGH WR DQDO\]H WKH HIIHFW RI FKDUDFWHULVWLF SDUDPHWHUV RQ
PHFKDQLFDO SURSHUWLHV RI ZRRG GXVW UHLQIRUFHG HSR[\ FRPSRVLWHV DQG WR ILQG RXW WKH RSWLPDO FRPELQDWLRQ RI
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SDUDPHWHUV)RURSWLPL]DWLRQSURFHVVDPRQJWKHYDULRXVWHFKQLTXHVOLNHJHQHWLFDOJRULWKPDUWLILFLDOQHXUDOQHWZRUN
7DJXFKLPHWKRGLQWKHSUHVHQWZRUN7DJXFKLPHWKRGLVXVHG,Q7DJXFKLPHWKRGDIHZHUQXPEHURIWHVWVLVUHTXLUHG
DQG LW FDQ H[WUDFW LQIRUPDWLRQ PRUH SUHFLVHO\ DQG HIILFLHQWO\ FRPSDUHG WR RWKHU DSSURDFK )XUWKHUPRUH LW ZLOO
SURGXFHEHWWHUFRQVLVWHQF\DQGUHSURGXFLELOLW\RIUHVXOWVVLQFHLWXVHVERWKDVHWRIVWDQGDUGRUWKRJRQDODUUD\ZKLFK
FDQ EH XVHG IRU PDQ\ RWKHU H[SHULPHQWDO VLWXDWLRQV DQG D VWDQGDUG PHWKRG IRU WKH DQDO\VLV RI UHVXOWV 7DJXFKL
UHFRPPHQGV WKH XVH RI WKH ORVV IXQFWLRQ WRPHDVXUH WKH TXDOLW\ FKDUDFWHULVWLF 7KH YDOXH RI WKH ORVV IXQFWLRQ LV
IXUWKHUWUDQVIRUPHGLQWRDVWDWLVWLFDOPHDVXUHFDOOHGVLJQDOWR QRLVHUDWLR61UDWLR$ODUJHU61UDWLRUHSUHVHQWVD
EHWWHU TXDOLW\ FKDUDFWHULVWLF DQG WKH FRUUHVSRQGLQJ SURFHVV SDUDPHWHUV DUH LQVHQVLWLYH WR WKH YDULDWLRQ RI
HQYLURQPHQWDO FRQGLWLRQV DQG RWKHU QRLVH IDFWRUV 'XH WR WKH ODUJH QXPEHU RI SURFHVV SDUDPHWHUV D VSHFLDO
GHVLJQRUWKRJRQDO DUUD\ LVXVHGLQWKH7DJXFKLPHWKRGWRUHGXFHWKHLQFUHDVLQJQXPEHURIH[SHULPHQWVWKDWQHHGWR
EHFDUULHGRXW>5R\@
,Q WKH SUHVHQW ZRUN QDWXUDO ILOOHU EDVHG HSR[\ FRPSRVLWH IURP ZRRG GXVW LV GHYHORSHG DQG LWV PHFKDQLFDO
EHKDYLRXUXQGHUYDULRXVWHVWLQJVSHHGDQGRIILOOHUZWLVLQYHVWLJDWHG0RUHRYHUSDUWLDOH[SHULPHQWVEDVHGRQWKH
7DJXFKL PHWKRG ZHUH SHUIRUPHG WR UHGXFH WRWDO H[SHULPHQW QXPEHUV 7KH H[SHULPHQWDO GDWD LV DQDO\]HG XVLQJ
7DJXFKLPHWKRGWRILQGWKHRSWLPDOVHWWLQJRIWKHSURFHVVSDUDPHWHUVIRUORDGDQGVWUHVV$OVR$129$LVFDUULHG
RXW WR REWDLQ WKH VLJQLILFDQW IDFWRUV DIIHFWLQJ ORDG DQG VWUHVVHV&RQILUPDWLRQ WHVWV DUH FDUULHGRXW WR YDOLGDWH WKH
VWXG\
 0DWHULDOVDQGH[SHULPHQWDOGHWDLOV
 0DWHULDOVDQGFRPSRVLWHIDEULFDWLRQ
,Q WKLV ZRUN WKH ORZ WHPSHUDWXUH FXULQJ HSR[\ UHVLQ 6WDQGDUG HSR[\ /<  FKHPLFDOO\ EHORQJLQJ WR WKH
µHSR[LGH¶IDPLO\DQGFRUUHVSRQGLQJKDUGHQHU+<DUHPL[HGLQD UDWLRRIE\ZHLJKW7KHVXQGLZRRGGXVW
6:' LV REWDLQHG GXULQJ WKH FXWWLQJ RI VXQGL WUHH ZRRG 7KH SULQFLSDO RUJDQLF FRQVWLWXHQWV RI VXQGL ZRRG DUH
FHOOXORVHJOXFRPDQQDQ[\ODQDQGOLJQLQ7KHVXQGLWUHHEHORQJVWR0LFKHOLDPRQWDQDWUHHVSHFLHVIDPLO\
)RU WKHSUHSDUDWLRQRIFRPSRVLWHV WKHVXQGLZRRGGXVW 6:'SDUWLFOHVKDYLQJSDUWLFOHVL]HPDQGGHQVLW\
 JPFF DIWHU FOHDQLQJ DQG GU\LQJ DUH UHLQIRUFHG LQ HSR[\ UHVLQ ZLWK GHQVLW\  JPFF 7KHQ WKH PL[WXUH
HSR[\ ILOOHGZLWK6:' LVPHFKDQLFDOO\ VWLUUHGDQGJUDGXDOO\SRXUHG LQWR WKHYDFXXPJODVVFKDPEHU7KHJODVV
FKDPEHULVRIGLPHQVLRQRIPPîPPîPPDQGFRDWHGEHIRUHKDQGZLWKJODVVSDSHU7KHFXULQJRIWKH
ZKROHPL[WXUH LQ WKH FKDPEHU LV GRQH IRU  ±  KRXUV DW URRP WHPSHUDWXUH DQG DIWHU WKDW WKH ILOOHU UHLQIRUFHG
VSHFLPHQLVWDNHQRXWDQGXVHGWRVWXG\WKHGLIIHUHQWPHFKDQLFDOEHKDYLRXUV
 ([SHULPHQWDOGHVLJQEDVHGRQWKH7DJXFKLPHWKRG
7KHH[SHULPHQWDOSURFHGXUHLVGHVLJQHGZLWK7DJXFKL¶V / RUWKRJRQDODUUD\ WR UHGXFH WKH H[SHULPHQWQXPEHUV
7KH/ RUWKRJRQDODUUD\FRQWDLQHGWZRFROXPQVDQGHLJKWHHQURZVZLWKVHYHQWHHQGHJUHHVRIIUHHGRPWRWUHDWRQH
SDUDPHWHUZLWKWKUHHOHYHOVDQGRWKHUSDUDPHWHUZLWKVL[OHYHOV(DFKPDFKLQLQJSDUDPHWHUOHYHOLV VHWDFFRUGLQJWR
WKH/ RUWKRJRQDODUUD\EDVHGRQWKH7DJXFKLH[SHULPHQWDOGHVLJQPHWKRG 7KHH[SHULPHQWDOREVHUYDWLRQLV IXUWKHU
WUDQVIRUPHG LQWR VLJQDO WR QRLVH 61 UDWLR XVLQJ WKH0,1,7$%  VRIWZDUH >0LQLWDE XVHU PDQXDO @7KH
GLIIHUHQWOHYHOVRIYDULDEOHVXVHGLQH[SHULPHQWDUHJLYHQLQ7DEOH
7KH61UDWLRIRUPD[LPXPORDGDQGVWUHVVYDOXHVFDQEH H[SUHVVHGDV³+LJKHULVEHWWHU´ FKDUDFWHULVWLFZKLFKLV
FDOFXODWHGDVORJDULWKPLFWUDQVIRUPDWLRQRIORVVIXQFWLRQDVZULWWHQEHORZ
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7KH 61 UDWLRV GHWHUPLQHG IURP H[SHULPHQWDO REVHUYHG YDOXHV DUH VWDWLVWLFDOO\ VWXGLHG E\ DQDO\VLV RI YDULDQFH
$129$
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7DEOH/HYHOVRIYDULDEOHVFRQWUROIDFWRUVXVHGLQH[SHULPHQW
/HYHOV
&RQWUROIDFWRUV       8QLWV
)LOOHUFRQWHQW       ZW
6SHHG
     
PPPLQ     
     
 7HQVLOHDQGIOH[XUDOWHVW
7KHWHQVLOHWHVWLV FDUULHGRXWDFFRUGLQJWR$670'XVLQJXQLYHUVDOWHVWLQJPDFKLQHZLWKJULSFDSDFLW\RI
N17KHWKUHHSRLQWIOH[XUDOWHVWVRIFRPSRVLWHVDUH FDUULHGRXWXVLQJXQLYHUVDOWHVWLQJPDFKLQHDVSHU$670'
 7KH WHVWLQJ LV SHUIRUPHGDWDPELHQW WHPSHUDWXUHRI&DQG UHODWLYHKXPLGLW\RI6L[GLIIHUHQW
ILOOHUZWVSHFLPHQVDVDQGDUH WHVWHGDWWKUHHGLIIHUHQWVSHHGVRIPPPLQ
PPPLQDQGPPPLQ
 5HVXOWVDQGGLVFXVVLRQ
 7HQVLOHDQGIOH[XUDOWHVWUHVXOWV
7KH WHQVLOHDQGIOH[XUDO WHVWVDUH FDUULHGRXWXVLQJVL[GLIIHUHQW ILOOHUFRQWHQWVDPSOHVDW WKUHHGLIIHUHQWVSHHGV
)RUHDFK ILOOHUZWVL[VSHFLPHQVDUH WHVWHGWRDFKLHYHWKHUHSHDWDELOLW\LQUHVXOWV7KHYDULDWLRQVRIORDGWHQVLOH
VWUHVVDQGIOH[XUDOVWUHVVZLWKILOOHUFRQWHQWDUHVKRZQLQ)LJDEDQGFUHVSHFWLYHO\)URPWKHUHVXOWVLWFDQ
EHREVHUYHGWKDW DVWKHILOOHUZHLJKWLQFUHDVHVORDGWHQVLOHVWUHVVDQGIOH[XUDOVWUHVVYDOXHLQFUHDVHVDQGEHFRPHV
PD[LPXPDWILOOHUFRQWHQWE\ZWDQGWKHQWKHVHSURSHUWLHVGHFUHDVHVDQGEHFRPHVPLQLPXPDWILOOHU
ZW7KHPD[LPXPDQGPLQLPXPYDOXHVRIORDGZLWKVSHHGRIPPPLQDUHIRXQGDW DQGILOOHUZW
UHVSHFWLYHO\7KHLUUHVSHFWLYHYDOXHVDUH1DQG17KHPD[LPXPDQGPLQLPXPYDOXHVRIWHQVLOH
VWUHVVHVZLWK VSHHGRIPPPLQDUH03DDQG03DDWDQGILOOHUZW UHVSHFWLYHO\7KH
PD[LPXPDQG PLQLPXPYDOXHVRIIOH[XUDOVWUHVVDUH03DDQG03DUHVSHFWLYHO\IRUDQG
ILOOHUZWZLWKPPPLQVSHHG
D E F
)LJD/RDGYVILOOHUZWE7HQVLOHVWUHVVYVILOOHUZWF)OH[XUDOVWUHVVYVILOOHUZWDWYDULRXVVSHHG
 7DJXFKLDQDO\VLVIRU/RDG7HQVLOHVWUHVVDQG)OH[XUDOVWUHVV
([SHULPHQWDO UHVXOWVIRUORDGWHQVLOHVWUHVVDQGIOH[XUDOVWUHVVDUHSUHVHQWHGLQWKH 7DEOHDQGUHVSHFWLYHO\
61 UDWLR IRU HDFK FRPELQDWLRQ RI SDUDPHWHUV LV FDOFXODWHG DQG SUHVHQWHG LQ UHVSHFWLYH WDEOHV $QDO\VHV RI WKH
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 &RQFOXVLRQ
7KHPHFKDQLFDO EHKDYLRXURI VXQGL ZRRG GXVW UHLQIRUFHG HSR[\ FRPSRVLWH ZDV VWXGLHG XQGHU WKH YDULDWLRQ RI
ILOOHUFRQWHQWDQGVSHHG7KHH[SHULPHQWDOUHVXOWVVXSSRUWHGWKH VXFFHVVIXOIDEULFDWLRQRIVXQGLZRRGGXVWUHLQIRUFHG
HSR[\FRPSRVLWHV DQGDOVRFRQILUPHG WKHIDFWWKDW VXQGLZRRGGXVWSRVVHVVHV FDQEHXVHGDVD ILOOHUDVLWLPSURYHG
WKHWHQVLOHDQGIOH[XUDOSURSHUWLHVRIWKH FRPSRVLWHZKHQFRPSDUHGWRWKH SRO\PHULFUHVLQ2SWLPL]DWLRQVRIORDG
WHQVLOHDQGIOH[XUDOWHVWSDUDPHWHUV ZHUHGRQHZLWKWKHKHOSRI7DJXFKLDQDO\VLV,W FDQEHFRQFOXGHG IURP$129$
WKDW VSHHG RIWHQVLOHWHVWLQJDIIHFWHG WKHORDGDQGWHQVLOHVWUHVVYDOXHV VLJQLILFDQWO\EXWLQFDVHRIIOH[XUDOVWUHQJWKLW
ZDV ILOOHU FRQWHQW DWFRQILGHQFHOHYHO 7KLVFDQEHDWWULEXWHGWRWKHIDFW WKDWLQFDVHRIWHQVLOHWHVWLQJWKHORDG
DSSOLHGLVDORQJWKHOHQJWKKHQFHDWKLJKHUVSHHGVWKHILOOHU JHWVORZHUWLPHIRU RULHQWDWLRQ%XWLQFDVHRIIOH[XUDO
VLQFH WKH ORDG DSSOLHG LV DORQJ WKH WKLFNQHVV KHQFH WKH  ILOOHU FRQFHQWUDWLRQ SOD\HG WKH PDMRU UROH 7KH
FRQILUPDWLRQWHVWVVKRZHGWKDW WKHLPSURYHPHQWVRI61UDWLRVIRUORDGWHQVLOHDQGIOH[XUDOVWUHVVHVIURPLQLWLDOWR
RSWLPDOFRQGLWLRQDUHDERXWDQGUHVSHFWLYHO\
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